Genotoxic effects of silver nanoparticles (Ag-np) in a vertebrate model system were investigated.
increase human exposure and with potential risk related to their short-and long-term toxicity. 1 Nanoparticles are particularly promising because of their ease of synthesis in various sizes and shapes and the potential for subsequent conjugation with peptides and proteins for targeted drug delivery. Details regarding the interactions of nanoparticles and biological systems in most of these cases are as yet not understood. Therefore, for the safe application of nanoparticles in therapy and drug delivery, information regarding their bioaccumulation and associated local or systemic toxicity is necessary. Information on the biological fate of nanoparticles including distribution, accumulation, metabolism and organ specific toxicity is still scatchy.
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There is need for low-cost, high-throughput animal models in some fields of biomedical research, such as drug screening and toxicity assessment. 3, 4 The zebrafish is
emerging as one such model. 3 Zebrafish are vertebrate orga nisms that are attracting increasing interest for preclinical drug discovery applications. Zebrafish embryos develop most of the major organ systems, including the cardiovascular, nervous and digestive systems, in less than 1 week. Additional characteristics that make them advantageous for compound screening are their small size, transparency and ability to absorb compounds through water. 5 Genomic sequencing has shown extensive homology between zebrafish and other vertebrate species (including humans), and some aspects of brain patterning, structure and function are conserved. [6] [7] [8] [9] They are being used as model systems for various human diseases. Current dogma states that size and/or surface area is the critical physicochemical property responsible for inducing nanoparticle toxicity. [10] [11] [12] Surface coatings functionalize, stabilize nanoparticles and influence the toxic profile and biocompatibility. The effects of surface chemistry or composition should not be overlooked as partial surface composition coupled with a specific size of the nanomaterial is accountable for the observed toxic effects. 8 In this study, simple, conventional chemical method has been used to prepare silver nanoparticles. Results from this study could be useful in the understanding of Ag nanotoxicity and suggest the least effective concentration that could possibly be used in various medicinal and environmental applications.
MaTErials aND METhoDs

synthesis of silver Nanoparticles
Synthesis of silver nanoparticles prepared in the Department of Biotechnology, MGM Medical College, Navi Mumbai, The conventional method for synthesis of metallic nanoparticles, and the reduction of dissolved silver salts (AgNO 3 ) with sodium borohydride as a reducer was used. All reagents used were of analytical grade and solutions of reacting materials were prepared in double distilled water. A 10 ml volume of 1.0 mM silver nitrate was added drop wise (about 1 drop second) to 30 ml of chilled 2.0 mM sodium borohydride solution. The reaction mixture was stirred vigorously on a magnetic stir plate. The solution turned light yellow after the addition of 2 ml of silver nitrate and a brighter yellow when all of the silver nitrate had been added. The color change of the solution indicates the formation of silver nanoparticles. The reduced silver nanoparticles were monitored in UV-Vis spectrophotometer.
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Characterization
UV-Vis Spectroscopy
The formation of silver nanoparticles was followed by scanning the solution containing nanoparticles at the wavelength ranged from 300 to 600 nm using double beam UV/Vis spectrophotometer (Thermo Scientific, Evolution 201 series).
Transmission Electron Microscopy (TEM)
The analysis of synthesized silver was carried out on the film coated drop of nanoparticles employing transmission electron microscopy (Philip, Model No. CM200, Operating voltages: 20 to 200 kV resolution 24 Å)
Breeding of Zebrafish
Breeding of zebrafishes is done in order to obtain embryos. The day to night cycle was controlled with an automatic timer (14 hr light/10 hr dark), temperature was maintained at 28.5°C and pH of water was kept neutral. A day before the embryos are needed, the fishes were transferred to a separate breeding chamber in the ratio of one male per two females. Generally, this ratio is opted for maximal embryo production. Embryos obtained the next day were collected and further subjected to exposure at various concentrations of silver nanoparticles.
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Exposure of Embryos at Various Concentrations of Silver Nanoparticles
Aqueous solution of silver nitrate (AgNO 3 ) taken as source of ionic silver in addition to the synthesized silver (Ag)
nanoparticles. Content of silver in original solution was estimated to be 107 µg/ml and 58.4 µg/ml for ionic silver and Ag nanoparticles respectively. The embryos were exposed to 0.05 µg/ml, 0.3 µg/ml, 0.5 µg/ml, 1.0 µg/ml and 2.0 µg/ml of silver nanoparticles. Study was carried out by exposing zebrafish embryos (n = 20) to each concentration having three replicates per concentration. The embryos were exposed at around 4 hours post fertilization (hpf) and were monitored at different time intervals of 6 hpf, 24 hpf and 48 hpf.
Statistical Analysis
All experiments were repeated at least three times. The results were represented as means with calculated standard deviation and standard error.
rEsulTs aND DisCussioN
uV/Vis spectroscopy analysis UV-visible spectroscopy is a simple method to characterize the size of nanoparticles. By estimating the peak with width at half maxima of the curve; the size of the nanoparticles can be obtained. The distinctive colors of silver nanoparticles are due to a phenomenon known as Plasmon absorbance. Incident light creates oscillations in conduction electrons on the surface of the nanoparticles and electromagnetic radiation is absorbed. The wavelength of the Plasmon absorption maximum in a given solvent can be used to estimate the particle size. Figure 1A represents chemically synthesized Ag nanoparticles having UV/Vis spectra with maxima at around 400 nm. This corresponds to mean diameter of 10 nm.
Transmission Electron Microscopy analysis
Transmission electron microscopy (TEM) is a microscopy technique in which a beam of electrons is transmitted through an ultra-thin specimen, interacting with the specimen as it passes through. An image is formed from the interaction of the electrons transmitted through the specimen; the image is magnified and focused onto an imaging device, such as a fluorescent screen, on a layer of photographic film or to be detected by a sensor such as a CCD camera. Figures 1B and C represents TEM micrograph of Ag nanoparticle and particle size distribution plot. The size distribution of the nanoparticle (Fig. 1C ) indicates that the particle synthesized are within the range of 4 to 10 nm in diameter.
Evaluation of Zebrafish Embryos exposed to Ionic Silver and Ag Nanoparticles
The concentration of ionic silver (AgNO 3 solution) measured by Atomic Emission Spectroscopy (AAS) was found to 4 to 10 nm. They were monitored for delay in development, morphological defect and survival rate assessed during a period of 0 to 72 hpf. Figure 2A indicates control embryos for ionic silver and Ag nanoparticles. Based on the above parameters, an overall LD 50 value of 0.05 µg/ml and 1.0 µg/ ml for ionic silver and Ag nanoparticles respectively was calculated (Figs 2B and C) . Table 1 represents summarized data showing average viability of hatched embryos at 72 hpf for exposure toward ionic silver and silver nanoparticles.
Exposure of Embryo against ionic Silver (AgNo 3 ) and Silver Nanoparticles dISCuSSIoN
Environmental exposure to nanomaterials is inevitable as nanomaterials become part of our daily life. As a result, nanotoxicity research is gaining attention. The range of particle size used in this study was about 4 to 10 nm. Hence, the cytotoxicity profiles obtained pertain to silver nanoparticles of these sizes only. The cytotoxicity profiles of particles of greater size could be different than the one observed here. 15 In this study, zebrafish embryos were treated with AgNPs (0.05, 0.3, 0.5, 1.0 and 2.0 µg/ml) during 4 to 72 hours post fertilization (hpf). A concentrationdependent increase in mortality and hatching delay was observed in Ag-np treated embryos for 1.0 µg/ml in almost 90% cases. We find that single AgNPs passively diffuse into five different developmental stages of embryos (cleavage, early-gastrula, early-segmentation, late-segmentation, and hatching stages), indicating possible stage-independent diffusion mode. Notably, the Ag nanoparticles induce distinctive stage and dose-dependent phenotypes and nanotoxicity, upon their acute exposure to the AgNPs particularly for 2.0 µg/ml beyond 48 hpf. In contrast, the hatching embryos seemed to sustain Ag NPs below a concentration of 1.0 µg/ml, and majority of embryos (95%) develop normally. Interestingly, earlygastrula embryos are less sensitive to the NPs than cleavage and segmentation stage embryos, and do not develop abnormally. Reasons for such stage dependent toxicity are not yet clear. Similar studies are in progress to investigate toxicity of Ag nanoparticles in rats, another vertebrate model systems. 16 
CoNClusioN
In summary, the present study demonstrates that AgNPs cause developmental embryonic toxicity beyond a concentration of 1.0 µg/ml, resulting in persistent effects on larval behavior. Thus, present studies suggest that exposure to AgNPs beyond 1.0 µg/ml could be a potential hazardous be 107 µg/ml. The concentration of silver nanoparticles synthesized by chemical reaction on the other hand was found to be 58.4l µg/ml.
The embryos were evaluated for toxic adverse effects caused particularly by nanoparticles of small size range, i.e. factor for biological exposure whereas a concentration of or below 0.5 µg/ml can help prove sustainable to exploit positive effects of nanoparticle application. However, more studies of relation between AgNPs exposure, adverse effects and biological mechanisms, and studies on safety evaluation of AgNPs are needed to extrapolate these observations to human systems. Studies on such model systems thus provide valuable information on nanoparticle induced genotoxicity which could be of significance for human healthcare appli cations. 
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